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Exhumation and accompanying retrograde metamorphism alters the compositions and textures 
of metamorphic rocks through deformation, water-rock reactions and closed-system diffusion-
controlled processes. Here, we report mm-scale differences in ∆47 values between static vs. 
deformed fabrics of a color-banded calcite marble sample (NAX2), collected from the Naxos 
metamorphic core-complex (Greece). Δ47 values of domains drilled from the sample (n=12) 
show a distinct bimodal distribution. Low Δ47 values (0.364-0.374‰; all values are reported in 
the absolute reference frame) correspond to an apparent temperature of 260°C and are common 
in white bands; high 47 values (0.404-410‰), corresponding to an apparent temperature of 
200°C, are common in grey bands. δ18O and δ13C values show no significant variation, 
suggesting a closed-system process. Thin-section analyses show that white bands were 
statically recrystallized, while grey bands were later dynamically recrystallized. White and grey 
bands show a homogenous low-Mg calcite composition, indicating that differences in Δ47 are 
not controlled by chemistry or mineralogy. All measured fabrics experienced the same thermal 
history, as dynamic recrystallization is not prone to shear heating. We found no petrographic 
or isotopic evidence for dissolution/precipitation processes. Instead, we suggest that the low 
Δ47 values reflect diffusion-controlled isotopic reordering during cooling, whereas high Δ47 
values reflect isotopic reordering driven by dynamic recrystallization. 47-based temperatures 
of the static fabrics are ~60-80°C higher than commonly observed in slowly cooled 
metamorphic rocks, and, based on models, would suggest cooling rates of ~105 °C Myr-1. This 
is far beyond the rates achievable by exhumation. We show below that the calcite in these 
fabrics does not have anomalously slow isotopic reordering rate. We suggest that these rocks 
experienced a heat-shock during their exhumation history, possibly due to local hydrothermal 
activity. We attribute high Δ47 values to the effect of dynamic recrystallization that enhanced 
lattice-scale mobility of O, C, or carbonate ion groups. We consider two mechanisms by which 
deformation may induce such an effect: 1) An intrinsic mechanism by which deformation 
increases O and C diffusivities in the crystal lattice by increasing defect-density; and 2) an 
extrinsic mechanism, in which slip along crystal planes efficiently transport carbonate. If the 
intrinsic mechanism is correct, isotopic re-ordering in dynamic fabrics may remain faster than 
that in static fabrics (i.e., if differences in defect-density persist). However if the extrinsic 
mechanism is correct, enhanced mobility occurs only during active strain, and we should find 
no such difference today. To test these predictions, we compared reaction rates of static and 
dynamic fabrics in heating experiments. In both fabrics, average Δ47 values gradually decrease 
from initial values, and are consistent with modeled Δ47 values based on published rate 
constants. There is no significant difference between reaction rates in the static and dynamic 
fabrics, consistent with the extrinsic mechanism. Results suggest that Δ47 values of dynamically 
recrystallized fabrics that form below the diffusion-controlled blocking-temperature for calcite 
constrain the temperature of deformation. The variation of Δ47 values records a complex 
thermal/deformational history that includes: 1) gradual cooling to below blocking-temperature; 
2) heat shock, followed by rapid cooling; and 3) dynamic recrystallization resetting of Δ47 
values in the shear bands. 
